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TESTS OF NACELLE-PROPELLER COMBINATIONS IN VARIOUS
. POSITIONS WITH REFERENCE TO WINGS

VI-WINGS AND NACELLES WITH PUSHER

By DONALD H. WOOD and CARLTON BIOLEm

SUMMARY

TlLi8 report is the sirth of a 8erit%gz”ningthe rtwults
obtained in tlw N.A.C.A. 20-foot wind tunnel on the
interference drag and propw?.siveej%ien.cy of nuzeU.e-
propeh=wing combinatwn.s. The jir8t three repori!.8Of

the 8m”e8 gave the red.t8 of te8t8of radial-mgiw naceUe4
un”thtractor propeller8 and numemw typ~ of engine
Cllwling. Te8t8 were nude m“th the ?w.ceU.e8in variom
po.sitionawith respect to a thick monoplane wing and a
Clark Y nunwplune wing. The fourth report covered
te8t8of tandem-propellernqcel+?afor radial engim%swith
numero-w type8 of cowling, in vurima pos-itiom with,
reference to a thick monoplmw wing. Thefifth report of

h smh gave the resw% of tesh of an ~.A.(?.A. cowled
nucdh with tractor propeller in varicw poti with
reference to a biplune wing celhle of Clark Y 8ecti.on.
The prewni report give8 t?w r& of t.e8t8of a radial-
engine nu.cellsm“thpwher propeUerin 17 poeiiti with
rejerence to a Clurk Y wing; twt.coj the 8azw nucell.eand
propeU.erin thrtx positti with reference to a thick
wing; and te8t8oj a body and pwher propeller with the
thick wing, simw.?u-tingthe case oj a propelkr driven ln]an
edeti 8ha$ jrom an engine within the wing. Some
prelimiruq @3t8were nwk on pu8her nucelltx alone.

T?w Clurk Y wing had a $18-;nchchord and a 16#oot
10-inch 8pan. The thick wing hud a 6#oot chord, a 16-
foot 8pan, and a thic?cn.w oj 20 per& oj the chord.
The nu.celle waa built around a 4/9-Male model oj a
Wright J-6 radiul air-cooled engine and wasjitted with
a cowling oj the variableGn@ ring type. Tha body
8inuJ.a-tingth.s@en.siOn-eha# Ca3ewa8formed ~ fairing
into a thick wing tlw electric motor used for driving the
propeUer. T/upropel.kr was a 4#ootdiameter moo?klof
th8iVa~ No. ~1~ adjw8tab15metalpropeller.

Lift, drag, and propulsive eficy were determined
for each wing-nacelle combination at several angkx oj
attack. Net q@2mcy was computed by the method
developedin N.A.C.A. 7’echnicu.lReport No. 416 with a
modification allowing-for the e~ect8 of induced drag and
tunnel boundary interfewnce; a comparison w made,
on this bti, between the pwder combination teded
and the tractor combinutiou of prw”mM repon% of thti
8erie8.

2%8mostfavorab18

PROPELLER

location for a vwher de of the “
type teded, for higtipeed jli~hi, is”wn”th~hethru8~line
abyut 60 percent of tb wing chord belowthe center line of
thewing, and with thepropeUerbetween10 percent and 30
percent oj the chord length behind the trailing edge. In
the climbing conditwn one nacelk location ha8 little
advantage over another. The pw.sherruueUe teeted wa8
found, in it8 mostfavorable poeition, to be approximately
m good as a tractornacelle with a timi.lurtype of cowling
in the mo8t javorable traztor location, bwt inferior to
tractor arrangemen.t8with the bed cowling. The results
obtained by simulating the case of a pwher propeller
dri%enby an extenmk 8h47# from an engine ench?sedin
the wing, indicate that a propellm dm”venin this manner
h much more ej%imt thun any of the radiakmgine
nuwlk?and wing Combination.sof iha S&k%.

INTRODUCTION

This is the sixth of s series of reports on ~ general
investigation of the mutual effects of wings, propellers,
and engine nacelles. ‘l?lm investigation has included
tractor, pusher, and tandem propellers, and both mono-
plane and biplane wings. Numerous types of rrd.ial-
engine cowling have been tested, and several propeller
pitch settings used.

The first three reports of the series (references 1,
2, and 3) dealt with tests of mdial-engine nacelles with
tractor propellers in conjunction with monoplane wings
of thick section and of Clark Y section. various types
of engine emvling were tested with both wings. The
fourth report (referenoe 4) gave results of tandem
engine nacelles with numerous types of cowling tested
in clillerentpositions with respect to a thick monoplane
wing. The fifth report (reference 5) covered tests of WI
N.A.C.A. cowled tractor nacelle in various positions
relative to a biplano wing cellule.

The present report presents the results of tests of
a radial+ngine nacelle with pusher propeller in 17 posi-
tions relative to a wing of Clark Y section, and in 3
representative positions relative to a thick wing. The
nacelle and cowling used were selected after preliminoxy
tests on pusher nacelles alone. Additional tests were
made with the propeller mounted in two positions
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directly behind the thick W@, the model engine and
nacelle being removed and the electric motor that
drove the propeller faired intc the wing. The resulting
body was similar tc the support for an extension shaft
from an engine enclosed in the w& The majority
of the tests were made on the Clark Y wing as most
pusherinstalhtions are on relatively thin, braced wings.

The data and results are prmented in the form of
a blcs and curves, as in previous reports of the serim.
Detailed information is given in the tables in order that

sectiM c-c

tests of reference 3, but it was of solid instead of
hollow construction. The Lwowings show a slight dif-
ference in airfoil character&tics when tested alone.
The thick wing was the one used in the tests of refer-
ences 1 and 2. Its maximum thickness was 20 percent
of the chord, its chord length ma 5 feet, and its span 16
feet (aspect ratio 3). The ordinates of tho Clark Y
section are available from many sources; those of the
thick wing section are given in figure 1 of reference 1.
The area of the Clark Y wing was 50 square feet and
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FIQUREL—NacaIIe1 and eII@Ie essembly with vwfabkmgle ring eat 5°.

the readm may reduce the data by other methods or
make other comparisons than those of this report.

APPARATUS AND METHODS I
The tests were made in the N.A.C.A. 20-foot pro-

peller-research wind tunnel, ‘which is described in
reference 6. The methods followed were the same as in
previous tests of this series.

The wings used were of laminated wood with steel
members for attaching nacelle supports. The Clark Y
wing was 11.6Spercent chord thick, 38 inches in chord,
and 15 feet 10 inches in span (aspect ratio 5). Its
di.rmmaionsare the same as those of the wing used in the

that of the thick wing, 75 square feet. The standard
balance system of the tunnel, which is described in
reference 6, and the airfoil supports described in refer-
ence 7, were used, the only modification being the use
of n double sting, to clear the propeller.

Prelimimuy drag and propeller tests were made on
nacelles alone. Two nacelle shapes were teated with a
4/%scaJe wooden model of a Wright J–5 radial engine.
The nacel.k were of sheet aluminum and contained an
electric motor for driving the propeller. Nacelle 1 is
shown in figure 1. Nacelle 2 waa of the same general
form but smaller (length 23%inches, maximum diameter
14 inches). Tests were also made with the engine
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FIQUEE2—Nao31101with vailableauglo ring sat6“, h IMMII 6on Ole.rkY wing. mantel for M

model mounted on the bare electric motor. The motor
shell was 10 inches in diameter and roughly ellipsoidal
in shape. The engine model was teated on these three
bodies, with esposed cylindem md with a variable-
nngle ring cowling set 0°, 5°, rmd 10°. A at w= hO
made of the propeller and electric motor only. After
these teats nacelle 1, with variable-angle ring cowling
set 6°, was selected for testing with the wings.
Although it appeared that a nacelle with a larger fore-
body might be somewhat better, nacelle 1 w-as wm-
sidered sdsfactory for use in this investigation. A
hole cut in the nose of the nacelle to provide ventilation
for the electric motor produced no appreciable effect
on the drag.

A 220-volt alternating current 3-phase induction
motor, delivering 25 homepomr at 3,600 r.p.m., was
used for driving the propeller. It was of special design,
of unusually small size for its power. Speed control
was obtriinedby changing the frequency. A condenser
tachometer was used to determine the revolution speed.
The power output of the motor was determined by
calibration before the tests. A 4-foot-dimeti sJti-
num-alloy propeller was used, which was geometrically
similar to the Navy No. 4412, 9-foot+diameter pro-
peller. The pitch could be adjusted by turning the
blades in the hub; for these tests the blada were set
17° at 0.76 of the tip radius.

A photograph of the Clark Y wing with nacelle 1
mounted for test in the tunnel is shown in ilgure 2.
Nacelle 1, with the variable-anglp,-r@g COW~ se! 5“,

was tested in the 17 positions relative to the Clark Y
wing shown in figure 3. The crosses in the figure indi-

FIIYJBE3.–Nodle testlomtfomwith refemmetoOkk Y wM.

cate the position of the center line of the propeller.
Photographs of the wing and nacelle in the vmioua
relative positions are shown, in figures 4, 5, and 6.
me same nac@le and cowlinigtieie’ tested in the three,, . . . .
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1 Po5/7/oN /0 POSITION 9 - 1

I Posl T/o/v /4.

FIaUEB 5.—Namlle below Ohrk Y IV@’ in pdtiOm 9 to 14.
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representative locations (2, 7, and 13) with reference tc
the thick wing indicated in figure 7. Photographs o~
the wing and nacelle mounted in these’ three positions
are shown in figge 8. The arrangement of the pro-
peller and electric motor only, mounted in two posi-
tions directly behind the thick wing, is shown in figure

I POSITION /6 I

I POS) T/ON IS I

I POSITION i7 . I

Fmme 6.-Nacalla in forward hxntfom above blow, and clma bahfnd Olark Y
w@. Pmftfoml& 16,aud 17.

9. The nacelle and model engine were removed and
the electric motor fcuiredinto the wing, the resulting
body being similar to the body covering the supports
of an extension shaft from an engine enclosed in the
wing. Photographs of the wing with the propeller in

positions 1 and 2, directly behind the wing, are repro-
duced in iigure 10.

The nacelle was supported in positions above and
below the wings by struts of streamline tubing, except
in positions 3, 4, 9, and 10, where the nacelle was
tied by two vertical plates of %-inch steel. The
supports for the nacelle in positions in line with the
wing consisted of longitudinal steelmembers completely
enclosed in the wing and nacelle.

Each wing-nacelle combination was first tested with
the propeller removed, at 9 air speeds from 50 to 100
miles per hour, and at 5 angles of attack. Obser-
vations of lift, drag, and pitching moment were
made. A test was then made with the propeller
operating. The air speed and propeller revolution
speed were vaxied to cover the useful range of V/nD,
and net thrust, torque, propeller revolution speed, lift,
and air speed were observed. This test waa made at
angles of attack of –5°, 0°,5°, and 10°, with the C%wk

—“---f’
I

!
60 inch chord, thick wkq

13
—- ‘t

FIGUBE7.–N@a W lwations with raferonmto tblok wing.

Y wing combinations, and at –5°, 0°, and 5°, with the
thick %.ng combinations. Both wings were also tested
alone.

Tare drag and tare lift were determined by tests
with the wings suspended by wires in the usual posi-
tion, but free from the normal supports. Previous
tests indicated that the effect of the nacelle and pro-
peller on the tare values was negligible.

RESULTS

The results of the tests with the propeller removed
werereduced to the usual cee5cients

c.”%

OD”~
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where
q, the dynamic pressure (j+PV’).
p, the mass density of the sir.
V, velocity. .
S’, area of the wing.
c, chord of the wing.

Pos/ 7-1ON 2 I

posjT/oN /3 “. I
FIouaE 8.—NaceJleabovq bohfndjand MOW thfck wfng.

(Moments are taken about the quarter+hord point of
the wing.) The coefficients were plotted first against
g and then cross-plotted against a for values of q
corresponding ta 50, 75, and 100 miles per hour. The
value of Cm was found not to vary with air speed.

I’he results of the teats with the propeller removed
ire preiiented h tables I, II, III, IX, and X. Polar
:wvea for the Clark Y wing alone, and with the nacelle
in commonly employed positions above, below, and
directly behind the wing, are shown in iigure 11.
%nilar curves are given in figure 12 for the best
aaeelle position found above, balow, and directly
behind the Clark Y wing. Figure 13 shows polszs for
the thick wing alone and with the nacelle in commonly
>mployedporntionsabove, below, and behind the wing.

The results of tests with the propeller operating
iverereduced to the followi.ngcoefficients

~= propukive &ciency
_ effective thrust x velocity of advanea -—

motor power
(T– AD) V.——

P
c; v

‘cm’
where T, thrustof propeller.

AD, change in drag of body due to action of pro-
peller.

T– AD, effective thrust. {See reference 8.)

r
&R-quellerpsifim 2

p-Posifim I

.

I
~,246~-1- 60 inch chmd, fhick wing

FIGURE9.—Od.llneofektrfc motor faked into thfok wfng fn CCUMOm1and 2

Lift and moment coefficients me compuhd as before,
but are now called C~pand CmP. The coefficients CT,

CP, q, CLP, ~ d C., were plotted against V/nD, and
values taken from the fsired curves are given in tables
IV to VIU for tests with the Clark Y wing, and tabl,w
XI to XV for teats with the thick wing. Curves of
CT, CP, and q are @vm h -e 14 for commo~Y W-
ployed nacelle positions above, below, and directly
behind the Clark Y wing. Similar curves are shown
in figure 16 for the best position found above, below-,
and behind the Clark Y wing. Figure 16 gives curves
of CT, CP,and q, for the nacelle positio~ t~~d above~
below, and directly behind the thick wing.

The results of the testi of the electric motor ody,
faired into the thick wing, with propeller removed,
are given in tables IX and X. A polar curve of CLand
C. for position 2 is shown in figure 17, curves for the
wing alone and with nacelle 1 in position 2 are also
given for comparison. The results of the propeller
tests dh the electric motor only, faired into the
thick wing, in positions 1 and 2, are given in tables
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= to XV. Figure 18 shows curves of Cr, UP,and q
for the electric motor only, faired into the thick wing
in position 2. The curves for nacelle 1 in position 2
are also given for comparison.

The results of the preliminary tests of nacelles alone
are given in table XVI The nacelle drag at 100 miles
per hour, with propeller removed, maximum propul-
sive efficiency, and net efficiency at V/nD= 0.65, are
tabulated.

ACCURACY

The rmgles of attack of the airfoils were set to
within 5’ of the desired angle by means of an inclinom-
eter. The tachometer used was accurate to 10 r.p.m.
The power calibration of the motor appeaxs to be ac-

/.4

19

I I 1 I
Wing done

.— — Nacelle 1 vorioble -
ongfe ring sef 5° i

--------- E(egfric-mofo~ ,onfy,
falred InfO wmg ,,.G

1.0

//

.8
.’
/

.’ /

CL
/ #

/ ,/

‘
.6 /

/’
A‘/

I I I 1 I 1 , , /. ,

.4 t. , ,
I I I

o -.5°Angle ofa%ack
1/1 +00 --=

curate i% within 0.25 horsepower from the dispersion
of test points on the calibration curves. The lift and
drag brdances were read with a precision of 1 pound.
In some cases fluctuations of the balances at high
anglea of attack reduced the accuracy; however, the
major part of the results from faired curves is believed
to be correct within =t2 percent.

DISCUSSION

The genend problem of propehr, nacelle, and wing
interference is complicated by the number of inter-
dependent variables concerned. Mutual interference
between wing and nacelIe produces changes in lift and

drag. I?ropeller characteristic are aiTeoted by the
presence of the wing and nacelle and, in turn, lift, and
drag of wing and nacelle are affected by the propeller
slipstream, or inflow in the case of a pusher propeller,
A comparison betweau wing-nacelle-propeller combi-
nations should take all these effects into consideration,
giti proper quantitative evaluation to changes of
lift, drag, and propulsive eficiency in common terms,

NET EFFICIENCY

No method of determin@ the relative merit of a
given combination has yet been found which is entirely
satisfactory, or which is valid for all flight conditions.
A method developed in reference 1, and further dis-
cussed in reference 3, comparca various wing-nacelle.
propeller combinations on the basis of threequantities—

‘f’wsii%?;-------Ele~ +ric. mofo{ only,

.10 I I I I I I I I I 1.0

1 I’7 w l\,\ .6’

FmmLEla-rropdk du@akifcs wfth nacdh h w&Ion % ond with OfCOtliO
motcuonly, fakwl into wing in pudtfon 2 Thfok wing. An@ of nttaok-CP,

propulsive efficiency, nacelle drag eficiency factor,
and net eiliciency. The propulsive efficiency com-
puted by this method was intended to represent the
fraction of motor power available from the propeller
for overcoming nacelle drag, interference drag, and drag
of other parts of the airplane. The nacelle drag effi-
ciency factor waa intended h represent the fraction of
motor power absorbed by nacelle &ag and inter-
ference. The difference between these two quantities
gave the net eiiiciency or the fraction of the motor
power available for overcoming the drag of other parts
~f the airplane aftar propeller power losses and the
power absorbed by nacelle drag and interference had
been accountad for. The quantiticwentering into the
problem were defined as follows:
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Propulsive efficiency = q‘-””%% ~

Nacelle drag efficiency factor -N.D.I?.

.(DO–L).)V=CDC-%V ~ ~ 3

I P 0. ()279 nD

Net eiliciency =~0=q –N.D.F.

where o%, the drag coeihcient of the wing alone cor-
rwponding to a given lift coefficient.

CDC, the drag coefficient of the wing-nade com-
bination with the propaller removed.

CDU, q, and CP were taken at the angle of attack at
which the lift coefficient of the combination, with the
propeller operating, was equal to the given lift coefE-

cient.
()

The factor ~~ ~ converts the diilbrence

between drag coefficiemk to thrum%coefficientform.
In references 1, 2, and 3, the computation was per-

formed in the following manner:
1. A value of lift coefficient and a value of V/nD were

chosen as a basis for comparison.
2. OLP, CP, and q for the chosen value of V/nD were

plotted against angle of attack.
3. Values of q and UPwere then read from these curves

at the angel of attack at which CLPwas equal to
the chosen value of the lift coefficient. The value
of qwas the propulsive efficiency used for purposes
of comparison and the value of UPwas used in
computing the nacdle drag efficiency factor.

4. UD~ wcs t&en at the chosen ~ coefficiaut, and
UDO wcs taken at the angle of attack at which
uLp in the plot 2 was equ~ to the chosen lift
coefficient. The difference between these drag
coefficients was then used in computing the nacelle
drag efficiency factor.

6. The net efficiency, qo, was then taken as the pro-
pulsive efficiency horn 3 minus the nacelle
drag efficiency factor.

Although the results obtained by this method were
fairly satisfactory, further study has brought up the
question of the effect of induced drag and of wind-tun-
nel boundary interference on the propulsive efficiency
and nacelle drag efficiency factor. Propulsive efficiency

(T–AD) “. = the ~etienti T_m
is defined as q= ~

(effective thrust) is determined by adding to the thrust
bklance reading, the drag of the combination with the
propeller removed at the same angle of attack. This
is the customary method in which the resultant hori-
zontal force R, with propeller operating, is considered
to consist of three components

.

R= T–D–AD
where T, the thrust of a propeller operating in the

presence of a body.

D, the drag of the body with propeller removed
at the same air speed and angle of attack.

AD, the increaae in drag due to the action of the
propeller.

The propeller is charged with the mutual interference
between the body and the propeller, and the effective
thrust is deiined as

EtIective thrust= T–AD
=R+D

This method has proved quite satisfactory in testing
propellers in conjunction with various bodies. When
lifting surfaces are included in the system, however,
the propeller produces changes in lift which are accom-
panied by changes in induced drag.

1.2

1.6

.6

CL

.6

.4

.2

a

.24

1
C=WLift coefficient,

““of wing alone
.EO

C&P Lift coeffkienf of ‘
combinohbn with
propeller operofing.. .16

of v/nD = a65
P.

“ <.’ ‘~c%e$~fkOef- ““
/’

/ combinofim — .12
C=. Lift coeffkie nf / “ with propeller

_ of combino#icm /’/ . -JremOved_
$+’

removed /’
/ .05

/’

7-

1 .04
--ch Dreg coefficie nf

--- .- of wing olone

“4
/ I I I I I I I I I o

-4 0 4 8 12
Angle of of fock, degrees, d

FIGURE19.—Llft and @ @mfiMents Of CJlarkY Y@ aloq and with nacalk in
pmltfon M.

Since the experiments are performed in a wind tuunel
the interference of the jet boundary appears as an addi-
tional induced drag so that AD ie no-iv made up of
three parts: profile drag, induced drag, and jet-boun-
dary interference drag,

or AD” ADO+AD,+ AD,

The effective’ thrust, and hence the propulsive effi-
ciency, are therefore aflected by any change in lift due
to the action of the propeller.

The situation may be seen clearly by referring to
figure 19, in which lift and drag coefficients of the wing
alone and of a wing-nacelle combination are plotted.
The lift coefficient of the combination with the propel-
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Ier operating at V@= 0.65 k’ also show-n. h order
to see how the propulsive efficiency and nacelle drag
efficiency faotor are affected, let the lift coefficient
corresponding to 0° angle of attack of the wing alone
be chosen as the basis for comparison as indicated at
point 5. This value of lift coe.flicient is reached by
CLPat o-3” ~le of attack, point 1. The drng of the
combination with the propeller removed used in com-
puting the effective thrust (Z’– AD) by the method
discussed above, is at point 3 and the corresponding
lift coefficient is at point 2. When the propeller is
operating, the induced drag and jet-boundary irkerfer-
ence drag are actually greater thfbnthey were at point
3 by the amount corrcaponding to the difference in the
lift coefficients at points 1 and 2.- Hence, the com-
puted value of effective thrustis in errorby this amoimt
In this particular case the propulsive efficiency is too

(AD,+AD)V
low by the amount ~ where AD, and ADj

are the changea in induced drag and jehboundary
interference drag due to the increase in lift coeffi-
cient at point 1 over that at point 2, which is due
to the action of the propeller.

The nacelle drag e5ciency fwtor was computed from
the di.ilerencebetween the drag codicient of the com-
bination at point 3 and that of the wing alone at
point 4. The corresponding lift coefficients are at
POilltS 2 and 6. As the lift coefficient i9 lower for
the combination witkthe propeller “removed than for
the wing alone, the nacelle drag efficiency factor as

(AD,+ AD,)Value
computed was too low by the amount ~

to the difference between the lift coefficient of the wing
alone at point 5 and of the combination at point 2.
The lift coefficients at points 5 and 1 are equal;
hence the error in nacelle drag efficiency factor is equal
tQthe error in propulsive efficiency, and is of the same
sign. As qO= q– N.D.F. the errors cancel and net effi-
ciency is not affected by the changea in induced drag
and jet-boundary interference drag.

The corrections employed throughout this report,
besides eliminating certain anomalous results such as
negative nacelle drag efficiency factma that have ap-
peared in the earlier published results, are of some im-
portance in applying the data to design problems as
will appear in a later section of this report.

The correction of the values of propulsive efficiency
and nacelle drag efficiency factor as indicated above is
not so easy as it might appear. The values of lift,
kg, and propeller chardarktics which enter the
formulas are given in the tables at even values of
angle of attack and V/nD for convenience and sim-
plicity. In order w obtain the values required for a
particular case several curves must be #lotted from
which the values required must be read. Although
this is a matter of no difficulty, considerable labor is
involved and it seems advisable to alter the equations

so
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that the required corrected factors are obtained by
.bstituting values directly from the tables in the
rmukw. Instead of correcting existing factors new
Lcs are determined which contain the corrections
[th much less labor than is required in getting the
Imection itself. The advantage of using tabular
dues directly need not be elaborated upon and the
IW formulas requiied will now be developed.

METHOD OF COMPARISON

In order to eliminate the effect of induced drag and
t-boundary interference drag from propulsive offi-
mcy and nacelle drag efficiency factor:
An angle of attack and a value of V/nD me choseu

as a basis for comparison.
The value of q at this angle of attack and V/nD is

then corrected for the effect of induced drag and
jebboundary interference.

Corrected q= ~+
[

(ACM+ A(?Dj) S V 3

P ( )1ma
If 0° angle of attack and V/nD= 0.65 are the chosen
VtLhK3S,cLP b at Poht 6 h @ure 19 and cLo h at

point 7. These are the lift coefficients with the
propeller operating and with the propeller removed,
respectively. Then

(c!+’– CW9
ACDi ~

TX aspect ratio (1)

and
ti(c.p’– c~’)s

ACD,= c (2)

in which C is the crow-sectional area of the jet.
The vahm of C? is taken at the chosen angle of
attack and V/nD.

It will be noted that formula (1) is the usual one
for iuduced drag with elliptical span loading.

In formula (2) for jet-boundary interference drag
the value of 6 depends on the ratio of the span of
the wi.qg to the jet diameter. The value of 6 is
0.148 for the Clark Y wing and 0.142 for the thick
wing of this series of tests. For discussion of je~
boundmy im%rference see reference 9.
The nacelle drag efficiency factor is computed as,

N = F (CDC–C%)+ (ACD{+ ACDj) ~ J7 a

.=. .
c. ()m’ a

where CDC~d CDWare at the chosen angle of attack
(points 8 and 4 in fig. 19). The cormwonding
liftcoefficients are % and cL,v (points 7, ntid 6
in fig. 19), and the reauhing changes in inducad drag
and jehbound~ interference drag are

C.w’– c~’ . (cL~2– cL:)s

A15’Di=rx~PeCt ratio and ACD,= 6—.— -c
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4.

The value of CP is taken at the chosen angle of
attack and V/nD.
The net efficiency is then

~.= correctad T—N.D. I?.

These three tams used to compare different wing-
nacolle propeller combinations may now be described
ns follows:
1, Corrected q is the ratio of thrust power, 1sss the

10SSdue to increase in profle drag of wing and
nacelle caused by the propeller, to the motor
power.

2. N.D.I?. is the ratio of power absorbed by nacelle
drag and interference to the motor power.

3. q,=corrected q– N.D.I?. is the ratio of power avail-
able for overcoming &g of other parts of the
airplane to the motor power.

The net efficiency q, is a measure of the real merit of
the combination under the operating conditions
chosen.

The npprosimation involved in correcting ~ liw in
evaluating the change in induced drag and jet-
boundmy interference drag due to the change in lift
when the propeller is operating. The equations for
an elliptically loaded wing ‘were used and, as the
wings were rectangular in plan form and the load
distribution affected somewhtit by the presence of the
nacelle and action of the propeller, an error entmw
This error is rLsmall part of the correction which is
itself quite srnrdl; hence the error is probably well
within the limits of experimental accuracy. A similar
error is made in determining the nacelle drag e%iciency
factor but is, for the same rer&on, considered negli-
gible.

The corrected propulsive efficiency, nacdle drag
efficiency factor, and net efficiency have been computed
at two sots of operating conditions for all the com-
bim-dions tested. One set of conditions, 0° rmgle of
attack and V/nD=O.65, coyesponds to high-speed
flight. This v~ue of V/nD was the average at which
maximum propulsive efficiency occurred. The other
set of operating conditions, 6° angle of attack and
V/nD=O.42, corresponds to climbing flight. This
value of V/nD was determined by assuming that the
beat rate of climb occurs at a speed equal ti 60 percent
of the high speed and that the engine speed variea
directly with the power, i.e., engine torque is constant.
These conditions are the same as have been assumed
in previous reports.

The net efficiencies given in this report may be
compared directly with those given in references 1, 2,
3, and 5 but, as previously pointed out, the propul-
sive efficienoieaand nacelle drag efficiency factors must
be recomputed before they can be compared with
those of this report.

Table XVII gives the corrected propulsive efficien-
cies, nacelle drag efficiency facto~, and net efficiencies,

Gill-3~1

computed for both conditions for dl the combinations
tested on the Clark Y wing. Table XVIII sidarly
gives the factors for the combinations tested on the
thick wing.

Comparisons based on net efficiency as calculated
in this report appear to be valid for application to
airphmes with top speeds up to about 120 miles per
hour with a J–5 engine. As speeds increase, nacelle
and interference drag absorb an increasingly larger
fmction of the engine power and drag becomes a more
important consideration than propulsive efficiency.

RELATIVE MERITS OF NACELLE POSITIONS TESTED WITH OLARK
Y WING

Considering the eflects of the nacelle on lift and
dreg with the propeller removed, it appeam from an
examination of tables I and II and figures 11 and 12
that, in general, the nacelle below the wing increases
the.lift at a given angle of attack, whereas the nncelle
above and directly behind the wing decreases the lift.
III general, the drag is higher when the nacelle is placed
above the wing than when it is below or directly
behind the wing. Position 15, close behind the wing,
is somewhat poorer than positions 1 and 2, which are
fartier back. On the baais of tests with the propeller
removed positions, 6, 4, 1, 2, 9, 10, 11, 12, 13, 14, and
17 (see fig. 3) are all good, the region around 9, 10, and
11 being the best. On the same basis, position 3 and
the top row, 7, 8, and 16, are definitely poor.

The relative merits of the nacelle positions, when
the propeller is operating, maybe judged by an exami-
nation of table XVIII, in which are tabulated the cor-
rected propulsive efficiency, the nacelle drag efficiency
factor, and the net ei%ciency of each position for both
the high-speed and the climbing conditions. The
metefficiency, as had already been stated, is equal to
the corrected propulsive efficiency minus the nacelle
bug efficiency factor, and is a measure of the merit.
The variation of propulsive efficiency with nacelle
location is small compared to the variation of nacelle
hag factor. \

In the high-speed condition the nacelle drag factor
k low for positions 9, 10, 11, 1, and 2, and is high for all
positions above the wing except 4. Position 11 has
bhe highest net efficiency; 9 and 10, also below the
wing, and 1 and 2, behind the wing, are nearly as good.
Position 14 is also good, the high propulsive efficiency
compensating for the high nacelle drag factor. In
~eneral,positions below the wing are better than posi-
tions above “the wing. Of the positions in line with
thewing, 1 and 2 are the best and are nearly as good as
the best positions below the wing. Positions 6 and 4
we the best of those above the wing, being only a little
poorer than 1 and 2. Position 3 is the worst of all
those tested.

For the climbing condition, the variation of the
~actorswith nacelle location is much smaller than for
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the high-speed cenditicn, and the positions do not fall
in the same order of merit as before Positions
directly behind and above the wing have in general a
lower nacelle drag factor than those below the wing.
Apparently there is no consistent variaticn of net
efficiency with namlle location for this ccndition.
Position 8 has the highest net efficiency, followed
closely by positions 6 and 12. Position 3 is again the
worst.

NACKLLE AND THKCE WING

The effect9 of the nacelle, tested with the prcpeller
removed, in three representative positions relative
b the thick wing, are shown in @ure 13 and table IX.
Position 13, below the wing, is bed. The nacelle in
position 2, directly behind the wing, has the lowest
drag but has a detrimental effect on the lift. Position
7, above the wing, is the poorest. These results agree
with those obtained with the Clark Y wing. When
comparing the changes in lift and drag due to the
nacelle on the two wings, it must be remembered that
a wing area of 50 square feet was used in computing
C! and C. for the Clark Y wing, and an area of 75
square feet for the thick wing.

The three nacelle locations may be compared, when
the prcpeller k operating, by referring to table XVIII.
In the high-speed ccndition position 13, below the
wing, has the highest propulsive efficiency, and position
7, the lowest. Position 2 has the lowest nacelle drag
efficiency factcr, position 13 next, and position 7 the
highest. The net cdlicienciesbear the same relation-
ship as those of the corresponding positions tested on
the Clark Y wing. Positions 2 and 13 are much better
than 7. In the climbing ccndition, the differences
betwem we factors for the three positions are much
smaller. Position 13 has the best propulsive efficiency
in this ccndition and 7 the beat nacelle drag efficiency
factor. The result is that there is little dif@rence in
the net efficienciesof the three nacelle locations for the
climbing ccndition. Position 2 has the highest net
efficiency, position 13 next, and 7 the lowest.

The results of the tests of the nacelle in three posi-
tions with reference to the thick wing me quite in
accord with the results obtained with the nacelle in
ccrre.spending positions with the Clark Y wing. It
therefore seems that the conclusions frcm all the Clark
Y wing tests maybe safely applied to a thick wing.

ELECJ!BIC MOTOR FAIREO INTO THICK WING SIMULA~Ci AN
EXTENSION PROPEILBR SHAFT

The body formed by fairing the electric motor into
the wing is perhaps somewhat larger than -would be
necewary to enclose the supports for an extension pro-
peller shaft horn an engine within the wing, but the
results frcm these tests indicate what may be expected
from such an arrangement. Table IX shows that the
effect of the body with the prcpeller removed, on the
lift and drag of the wing, is very small, and that near
0° angle of attack it is negligible. Figure 17 shows
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polar curves for the wing alone, with the electric motor
only in position 2, and with nacelle 1 in position 2,
The curve for the electric motcr oily in position 1
nearly coincides with that for position 2. On the basis
of propeller-removed teats, this body is distinctly
superior to nacelle 1 in any position.

Table XVIII shows that this arrangement is also
very good when the propeller is operating. In the
high-speed condition the propulsive efficiency is
somewhat higher than it was with nacelle 1 in the
same location, and the nacelle drag efficiency fnctcr
is very favorable, being quite small for both posi-
tions 1 and 2. These values result in a net efikiency
much higher than wae obtained with nacelle 1 in any
position. In the climb% c@ition the same relMion-
ship is found, but the di.flerenceaare much smaller.

COMPARISON OF PUSHER WITH TFtAC7TOR COMBINATIONS

Nacelle 1 with variablwmgle ring is comparable
with the small tractcr nacelle with variable-angle
ring, tests of which are reported in references 2 and
3. These cowlings have rather high drag and do not
repr~ent the best obtainable design. Pusher nacelles
are, however, more diilicult to cowl completely than
are tractor nacelles. A comparison will serve to show
the relation between a tractcr nacelle and a pusher
nacelle with a similar type of cowling. The tractor
nacelle and cowling mentioned above, and various
other nacelles and @pea of cowling, are &cussed in
reference 10.

From the remdts obtained with the pusher nacelle
and with the small tractor nacelle with variable-angle
ring, both On the Clark Y wing (reference 3), the fol-
lowing conclusions may.be drawn. When the propeller
is removed, the pusher nacelle below the wing gives
slightly higher lift than the tractor in a corresponding
position, at low anglea of attack. At high angles of
attack the pusher naoelle gives higher lift than the
tractor in all corresponding locations, above, below, and
in line with the wing. There is little difference, other-
wise, between pusher and corresponding tractor loca-
tions in their effect on the lift and drag. When the pro-
peller is operating in the high-speed condition, the .
propulsive efficiency is, in general, about the same for
the pusher as for the comparable tiactor naceUe in a
corresponding location. The nacel10 drag efficiency
factor of the pusher is b6ttar, for positions below the
wing and about the same for positions above and in line
with the wing, when compmed with the tractor nacelle
in cm-responding positions. In general, the net efE-
ciency of the pusher is better for positions below the
wing, ~d poorer for positions in line with, and above
the wing, than the tractor nacelle in corresponding
locations. The nacelle in the best pusher porntion (11)
has about the same net e5ciency as the nacelle of com-
parable type in the beat tractor position (B, reference
3). In the climbing ccndition the same general rela-
tions are found. “
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A comparison of the rcm.dtsobtained horn tests of
the pusher nacelle and thick wing, with the reindts
given in reference 2 of tests of the small tractor nacelle
with variable-angle ring coding, shows that the rela-
tion between pusher and tractor is the same for the
thick wing as for the Clark Y wing. The pusher ap-
pears to be a little better than the tractor when the
nwelle is below the wing, and a little poorer when the
nacelle is in line with, or above the wing.

The results given in references 1, 2, 3, and 10 show
that an N.A.C.A. cowled tractor naoelle is much better
than a nacelle with ring cowling of the type discussed
above. For corresponding locations, the NA.C.A.
cowled tractor nacelle has a much higher net efficiency
than the pusher nacelle of these tests. It seemslikely,
however, that an equalIy well cowled pusher nacelle
would give results bearing the same relation to the
N.A,C.A. cowled traotor nacelle that was found for the
pusher nacelle tcated and for the tractor nacelle with
the same type of cowling.

Tow% have been made with the electric motor only
faired into the leading edge of the thick wing, and a
comparison may be made with the corresponding tests
of this report, which should indicate the relative merits
of a tractor and a pusher propeller driven by an exten-
sion shoft from an engine within the wing. When
the propeller is removed there is no appreciable dif-
ference in the effect of the body on the lift and drag
in the two cases. The propulsive efficiency of the
pusher is higher than that of the traotor in both high
speed and climbing conditions. The nacelle drag effi-
ciency factm of the tractor arrangement is, however,
slightly better than that of the pusher, but the resulting
net efficiencies are higher for the pusher arrangements
than for the tractor in the high-speed condition and
also in the climbing condition.

DESIGNCONSIDERATIONS

The net efficiencka and nacelle drag efficiency
factors given in this report are approximately correct
for airplaneswith top speeds in the neighborhood of 100
to 140 milca per hour (depending on the engine size and
power). At higher speeds higher propeller pitches are
required, with a resulting increase in propulsive &-
cienoy. The nacelle drag efficiency factor varies as
the cube of V/nD; hence at higher speeds will be much
larger. The net efficiencies will decrease as the speed
increaaes.

Although the net efficiency in its present form is
a useful criterion for comparing a number of combina-
tions, in an actual design problem performance maybe
estimated more readily by converting the nacelle drags
and interferences here given to coefficients based on
the cross-sectional area of the nacelle. This conver-
sion is accomplished by correcting the difference
between the drag codicient of the combination and of
the wing alone for the dif%rence in induced drag and

jet-boundary interference in the two cases, and
multiplying by the ratio of wing area to nacelle cross-
sectional area. A coefficient is then obtained whiclI
may be applied to a nacelle of any diameter. The
drag due to the nacelle and to interference may then
be added to the drag of the rest of the airplane, for
performance calculations.

In the calculation of the power amilable the cor-
rected propulsive efficiency may be used. The increase
in propulsive efficiency at higher pitches may be
wtimated from an examination of the charts of refer-
ence 8. Such a procedure will give a good estimate
of the performance ta be expected from a given design.
A closer estimate is of course obtained by using the
actual data. The following examplea are therefore
worked out in detail for a few of the best arrangements
for which complete data are available, in order to
illustrate the points made in the preceding paragraphs.
They also show- some rather interesting practical
rewdts.

EXAMPLES

Given a low-wing transport-type monoplane with
two engines. To determine the high speed with three
dillerent engine locations.

The principal characteristics are:
Airplane:

Weight, 17,500 lb.
span, 85 ft.
W~ area, 948.6 sq. ft. (Tapered wing NA.C.A.

2215 airfoil at root, 2209 at tip.)
Parasite-drag coefficient CDP=0.0203 (including

wing but excluding engine nacelles).
Two enginm:

Type, radial air-cooled.
Power, 710 hp. each at 1,900 r.p.m. at 8,000 ft.

(P= O.001869lb.-ft.%ec. ‘).
Geared, 11:16.
Diameter, 53.75 in.

The equation for speed may be written in the
familiar form

Power available =power required

t.hp. =
dragX veloci~ (ft./see.)

550 (1)

or
drag X velocity (ft./see.)

~xb.hp. = 550 (z)

In the usual solution of this equation the drag is that
of all parts of the airplane and ~ is the propulsive
efficiency. In the present solution, however, the drag
is taken for all parts of the airplane exclusive of the
engine nacelles and the net efficiency is used instead
of the propulsive’ efficiency. The nacelle. drag is in-
cluded as a reduction in efficiency instead of as an
increase in drag as in the usual method. Unfortu-
nately ~ cwmot be simply expressed as a function of
speed and a direct solution of equation (2) is not, in
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general, possible. Two or three trials will, however,
usually give the correct solution.

Let D.= drag of the airplane exclusive of epgine
nacelles

then
DA=parasite drag +induced drag

(3)

where
b=span (more accurately effective span);
L =lift=w-&aht

Substituting

DAU0.0203X0-001;6’p948.6+ o 00:;:;;)2
lr - ~ . X (85)2

=0.01795P+ “’4:$000 (4)

Values of DA determined from this equation are used
in all succeeding parts of the problem.

The nest step is to determine the net efficiencies of
the nacelle arrangements for which a comparison is
desired. It is evident from the nature of this problem
that the propeller pitch will be higher than the 17°
previously discussed and it is necessary i% set down
some additional information for higher propeIIer pitch
settings. Tests hove not been made throughout a
large range of settings for all arrangements, but for
ti]ose to be mmpme.d results are available and are
here given in a form more suited to the problem.
Complete data will be published later. .

As is set forth in reference 8, a convenient method
of selecting a propeller for a given application is by

F
~Pbthe use of a coefficient CL== ~Z As this coefficient

does not contain the diameter, n plot of Cs against
V/nD maybe used to determine the diameter required
to give the best efficiency for a given set of operating
conditions as is clearly indicated in the reference cited.
For the present purpose rLplot of the enveIop of the
e5ciency curves for various pitch settings against Cs
and an nuxiliary plot of V/nD againstCs for points
on this envelop are su5cient since only the ~~h
speed is under discussion. In an actual design the
performance under other fright conditions is required
but such analysis as is required for these matters will
not be discussed here.

tie I:
N.A.C.A. cowled nacelle in tractor position B of

reference 1. This nacelle arrangement represents the
best tractor-propeller arrangement for a cmvled radial
air-cooled engine so far discovered.

From the data of reference 1 and other results as
yet unpublished the curves I are plotted in f@re 20.
Corrections to the measured data have been made to
include the induced drag tiects of propeller lift and

jet-boundwy interference in accordance with tho
method discussed earlier in this report. The data are
given for an angle of attack of OO.

Inserting values in the lift equation
,

CL= ‘Fw 000186:7’500 = 0.208
gPv=s . 2 X 948.tJX (308)2

assuming tentatively a speed of 210 m.p.h. or 308 ft.
per sec. l?or an airfoil of the N.A.C.A. 2200 series of
aspect ratio 6 this lift coefficient is obtained d an

I I I t I I I I I I I 1 I I
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noms 23.-Pr0p3ner Obmctdw u fcamveral rmcelfemdit!ons @ In exnroplo9,
Angle of attack, IYj propdkrr no. 44fZ.

angle of attack of 1.OOO(referance 11). The ftotual
aspect ratio is

A. B.. @P& L!#&=7.54

The induced angle for change of aspeot ratio from 6 to
7.54 at CL= 0.208 is

The resultant angle of attack (0.99°) is sufficiently
close to 0° for the purposes of this problem.



WINGS AND

Continuing the assumption of V= 308
and assuming also a 3-bladed propeller,
computed from the values given above.

NACELLES WITH PUSHllR PROPEl_

ft. per sec.
Cs may be

hp. -:x7lO =473 (3-bladed propeller)

n=#X~=21.8r.p.s. (11:16 gear)

From figure 20 curve I at C.= 2.12

T= O.815>-$- = 1.256, blade angle=31.5°

Solving for D

D-=~ 308—-11.25 ft. =11 ft. 3 in.1.256X21.8

l?rom tables I and II of reference 1 at 0° angle of attack

C~o= 0.0420 (?Dw= 0.0405

u%= 0.403 o&.= 0.409

The corrected nacelle drag coefficient may be written

[
(OD.–cDw) + {(CLW)2– (f&)2}x

( )1.+2.+’:(5)
= (0.0420-0.0405) +0.14{ (0.409)’– (0.403)’}

=0.0015 + 0.0007 = 0.0022

s
Using 6=0.142, A.R. =31 ~=& from the tunnel

test conditions as previously discussed. This drag
coefficient now has to be converted from a wing-area
base to an engine-diameter base and scaled b full size.

Model engine diameter= 20 in.
Full-size engine diameter= 53.75 in.

Then
Model wing area- 75 sq. ft.

Effective nacelle drag- C.@= 0.0022 X75X ‘5$~~)’

x 0.001869 v,
2

For V= 308ft.per sec.the drag of two nacelles= 211lb
This value of nacelle drag could be added to the

drag of the remainder of the airplane determined from
equation (4) and the total drag used with the propul-
sive efficiency in the usual manner. Equality in the
two sides of equation (2) will then show whether the
correct speed has been assumed. This may be the
simplest procedure but in order to show certain fea-
turea of the net efficiency it. will be computed and
applied in the solution.

635

The nacelle drag efficiency factor is

N.D.F. =P ower used by nacelle drag
motor power

nacelle drag X velocity
= motor b.hp. X 550

211X308
‘710X2X550-0.0833

Net efficiency =Vo-propulsive efficiency-N.D.F.

=0.815—0.083=0.732

Rewriting equation (4) and substituting V= 308 ft./see.

DA= 0.01795X (308)’ +14&o~~0

= 1,704+ 152

= 1,856 lb.

Substituting DA and ~oin equation (2)

0.732 (710 X2)= 1’85:6;308

1,040= 1,040

This equality indicates that the assumed speed is
correct and that the high speed of the airplane in
question with the cowled air-cooled engines ahead of
the wing is, to a tit approximation, 210 miles per
hour.

Cme II:
Engines located at rear of wing in position 2 of

fiagmes7 and 8 with cowling ring set 5°. In this case
the corrected effective drag coe.ilicient of the nacelle
is computed from equation (5) using data from table
E.

CD= c ~= 0.0075

Since this is considerably higher than that in the
previous case the air speed will be assumed V= 200
m.p.h. =293.5 ft.@c.
Then

(53.75)’ 0.001869Nacelle drag= 0.0076 x75x ~20)2 x z

X (293.5)9

Drag of two nacellea= 653 lb.

653 X 293.5
‘. D.F. =710 X2 X550 -0”M5

cs=2.12x~=2.02

using the value 2.12 determined in case I.
Then

V= 0.840 from curve D of figure 20 at Cs=2.02, the
valuea given having been derived for this case in the
manner already described.
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Net efficiency= q~= q– N.D.F.

u 0.840–0.245 =0.595

D* is now determined by substituting the new speed
(V=293.5 ft. per sec.) in equation (4)

DA- 0.01795X (293.5)’+ 1~2$30$0.

=1,542 +16S

= 1,710

Substituting the values of ~, and D. in equation (2)

0.595 (71OX2) = 1’71~02g3.5

845=912

The lef~hand side representing the power available
is the smaller number; hence the assumed speed is too
high. Power required varies nearly as the cube of the
speed and power available will change very little since

the efficiency curve is quite flat. ~-0.926 say

0.93; m =0.976 and 0.976x200=195.2. A new
speed 195 m.p.h. (286 ft. per sec.) is assumed and the
computation repeated or the results more simply
obtained by proportion.

( .)
286 ‘

Nacelle drag= 653X ~ =620 lb.

C~=2.02X&=l.97

7=0.840 (ilom fig. 20, curve II)

(–)
286 3

‘.D.F. = 0.245 293.5 -0.227

Then
7.=0.840-0.227 = 0.613

D.=,,642x(*)’+168x~*y

= 1,465+ 177

= 1,642 lb.

Again substituting in equation (2)

0.613 (71OX2) E 1’~5~286

870= 864

These values indicate that the new speed is 100

(,_Jg= 0.7 percent too low and the actual speed

with this nacelle arrangement is 196 miles per hour.
&e III:
Engines of same characteristics located in the wing

with extension shaft to the rear as in position 2 of
figures 9 and 10.
From the values in table= the corrected value .

CDO–U%~0.0012 (method of case I)

Proceeding as in cases I and II with successive speed
assumptions for a speed of 220 m.p.h. -322.8 ft. per
sec. there results

Nacelle drag =145.8 lb.

N.D.F. = 0.0577

C.=2.22

~= 0.895 (fig. 20, curve ~)

TO=0.895– 0.0577= 0.837

DA= 1,870+ 139= 2,009

Then in equation (4)

0.837 (2X 710) =2’00~j22.8

1,189= 1,180

The speed with this arrangement of engines is therefore
22o miles per hour. An additional check gives 219.6
miks pSr hour.

DISCUSSION OF EXAMPL=

Several interesting points are disclosed by the pre-
ceding examples. The net efficiency in case I is 0.732,
whereas in reference 1 it was 0.762. Likewise, for
case II the net efficiency is 0.613 and for case III
0.837, whereas in table ~ the efficiencies for these
cases are 0.646 and 0.839, respectively. The net efE-
ciencies are all reduced as the speed is increased. The
nacelle drag efficiency factor is proportional to the
cube of the speed for a given powor and nacelle arrange-
ment, whereas the propulsive efficiency increaaes
rather slowly as indicated in figure 20. The fact that
the propulsive-efficiency increase in case III is some-
what greater accounts for the smaller loss in net effi-
ciency. The nacelledrag efficiencyfactors have increased
from 0.042 (corrected from reference 1) to 0.083 in case
I; 0.177 (table IKWUI) to 0.227 in case II, and 0.028 to
0.0577 in case HI due to the increase in speed (and
change in power). It is easily deduced that a speed
would il.nally be reached where all the engine power
would be used in nacelle drag. In fact, with some poor
arrangements this speed occurs below 200 miles per
hour, demonstrating that as higher speeds are sought
qeatar refhment and reduction of drag must be
made unless the power is to be increased enormously.

The important effects of drag reduction are shown by
the increase in speed of 14 niles per hour due to the
higher efficiency of the tractor arrangement and the
furthar increase of 9.6 miles per hour by installing the
engine in the wing. It is to be noted that these results
are estimated directly from the model teats in the
Simplmtmanner to give comparable results. Too greut
a refiement of detail does not seem to be justied at
the present time because the proximity of the fuselage,
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the change in shape of nacelle in practical construction,
and the use of wings of diilerent thickness, chord, and
taper, among other considerations, intioduce variations
not covered by the experiments. The results are,
novmver, sufficiently indicative of desirable future
trends to enable designers to obtain improved
performance.

& far as the present rcmdts are concerned, the air-
cooled engine with pusher propeller and cowlings of the
type now available suffers in compsrkon with the
tractor-propeller arrangements. If the engine can be
arranged in the wing the pusher propeller seems to offer
advantages. Further study of possible improvements
in cowling of radial engines is required as well as of the
cooling arrangements with the engine in the wing in
order that the one may be improved and that the other
may not lose its advantage when practically developed.
Further development of engines for use in the wing
should also proceed without delay.

CONCLUSIONS

1, The most favorable location for a radial-engine
pusher nacelle of the type tested, for high-speed &ht,
is with the thrust line about 60 percent of the chord
length below the center line of the wing, and with the
propeller between 10 percent and 30 percent of the
chord length behind the trailing edge.

2. In the climbing condition one nacelle location has
little advantage over another.

3. Because of the agreement between the results
obtained horn tests of a nacelle in three positions rela-
tive to the thick wing and results from corresponding
te.stawith the Clark Y wing, it is concluded that the
results of all the tests made with the Clark Y wing
are, in general, applicable to a thick wing.

4. A radial-engine nacelle for pusher propeller with
ring cowling is, in the most favorable position, about
as good as a tractor arrangement with a simik type
of cowling in the most favorable tractor position, but is
inferior to the N.A.C.A. cowled nacelle in the beat
tractor position.

6. A pusher propeller driven by an engine enclosed
in the wing is better than a tractor propeller driven
in the same manner. Both me considerably better

than any of the pusher or tractor radial-engine nacelles
used in this series of teats.

LANGLEY Mm~om &iIEONAUTICAL IJABORATOEY,

NATIONAL ADVISORY Co=mD FOR AERONAUTICS,

bmLDY hLD, vA., June 7, 1934.
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TABLE I
LIJKC COEFFICIENT WITHOUT PROPELLER

CLARK Y wING. NACELLE 1 WITH VARIAHLIGANGLE RING SET 6°

cL=!x&

I 60mph.
R.N. .l&o,am I R.Rma.ii,(m ml m. h.?’ioR.N.-2j ,OCO

Allgleof 8ttack..—...––_– -P
1

P K-P 16”

Nacelle pmitlon
~--------------------------- -aW4

.Cm

-; g

.015

.011

.020

.m

.am

.@l

.0$3

.m

-: E
-a51
.mo

1.160
1.164
L 1~
L 162
1.16s
1.in
L 103
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L 1U9

;g

1:181
L 169
L 116
L 171
1.170

).2s3
.22s
.279

:E.all
.3W
.320
.349

:%
.357
.s2
.351
.272

%

km -o. W4
.Em .m
.848
.m4 +
.foa
.m .Ou
.m
.$Q4 :E
.919 S&I
.M2
.623 .iu.i
.933 .052
.Um .Cs4
.m
.F37 –: E

:% %!

lm -am
.s33 .Wo
.845
.874 –: E
.933 .m
.&x .am
.m .m
.&m .Ism
.042 .aw

:E :%!
.R12 .am
.917 .m
.914
.m –:%

.033
:E .Cus

L69)
.&a
.666
.675
.W9
..Y?O
.669
.m
.640

:%
.629
.618
; .2&

.eul

.616

1871
.?s
.Mo
.674
.896

:%

;~

. !310

:E
.m6
.S12
.%-7
.911

x----------------------------
3.----.. ---. --.-. ------.---–
4.----. ---.. -----. –.-.---—
5--.. ---. -—.-. –.–----.-–
o--------------------------
7---. --–. -.---- .-.-.–--–
8-.. ---.–-----.-.–. --.-..–
9.-. ---. --–-.. -.----...-=

10---------------------------
11----------------------------
12----------------------------
13----------------------------
14--------------------------
16--------------------------
16-------------------------
17-..-.-.-....–-..-–-.-.––

C_
I

WING ALONE

I IUNl]asu[o.ow[cLWll m~lla3261m61810.911 I W41CMC310.W910.8W31L161

TABLE II
DRAG COEFFICIENT WITHOUT PROPELLER

CLARK Y WING. NACELLE 1 WITH VARIABL&ANGLE RING SET 5°

I mlnLp.lL
FLN.=lXOJOI

-i

lb”An@ Ofatta&._-.-. –&lo”l@ –CT v 6°
. —

um40 am am
.m .aRu .0325

.C!3m
:%% Xr3s& :&%
.m . M76
.E55 .6M5 .Mb5
.m .OKO .0710
.@o .a336 .Ms5
.mzw N?&
.oxo :%%
.0240 .a?33 .W
.02ss .Cr3f.5 .m
.W .@92 .M70

.@376
:E .Cr335 :&%
.o?m .0410 .072n
.&275 .@& .Wa6

W

a llm
. Ilm
.1136
. llm
. lK!J
.1166
.W35
.llm
. 1R5
.lza
.1136
. ma)
.1176
. 118s
. lm
.1246
. llEJI T

–b” w

ao226 0.0315
.6!232 .a316

:%% :%
.omo .m.w
.0240 .@346
.U270 .mm
.m .mm

.m30
:E .C3m
.0Z16 .@326
.0240 .W
. U246 . a345

:Z %J
.@isl
.I12m .(&w

6“

o.059a
.06m

:%%’
.09m
.M26
.W36
.W6

:E
.Cn340
.mm
.W

:E
.W
.M4.2

KF

0.1106
. llzll
. 11?3
. llW
.1160
.1116
.1196
. 116s
.1166
. lm
. lL?.6
. llm
. lm
.1176
. lmo
.122K
. l16s

Na5=311epmltion
1-------------------- Q.oxa
2..--...---..-.----—. .CQ46
3--------------------- .m
4---------------------- .0270
5-------------------- .om
6--------------------- .&235
7--------------------- .Ct3m
8------------------ .Cc03
9--------------------- .0240

10.. --... --.–.-— ----- .ozw
11------------------- .0260
=-------------------- .02m
13--------------------- .02s3
lo-------------------- .-
lo------------------- .C#l
16------------------- .0310
17---------------------- .UB2

II03YI
.CB40

:%%!
.am
.Ctm
.0t26
. Mlo
.m
.W@5
.m
.0375
.am

:%!
.0423
.am

awls
.C825

:%
.Ws
. M-75
.0725
.MQ5
.m
.0720
.M!Jo
.Ix35
.m

:E
.0740
. M76

o. llwl
.1120

:%!
.1165
.1146
.m
.1175
.1185
. MO
.1136
.1175
.1155
. llm
. 10s6
.12M
. nm

o.16M
.1770
.1786
. 1M6
. 17LU
. l&uJ
. lW
.1640
.1824
. Km
.1780
.1$26
.1826
. 182Q
. 16W
.1876
.1810

IWING ALONE

TABLE III

MOMENT COEFFICIENT WITHOUT PROPELLER

moment
c.=-

CLARK Y WING. NACELLE 1 WITH VARIABLWANGLE RING SET 5°

I Nadle PCLSItlon
I –b”

Anglqofattmk

1P I

1------------------------------- -cLOao
2-------------------------------–.m8------------------------------ –. lM
4------------------------------- –. 0a7
6--------------------------- –. m
6------.. ------ . . ..-. --------.– –. @t
7---------------------------- –. w
8----------------------------- –. w
9----------------------------- –. c?%

10------------------------------- –. Q27
u---------------------------- –. 102
lo----------.. -.-. --–--. -.-._– –. 103
13---------------------------- –. 107
14------------------------------- –. 107
lo-----__ —----------------- –. m
16.. -----–. -.–---–— ------ –. a31
17--------------------------- –. llo

-a Qa2
-. m
-.101
–. m
-. a37
-. w
–. 079
-. m
–. 096
-. C&9
–. w
~g

-. Q34
-. m
-.072
-. 09s

-o. Cc42 –a on
–. m –. m
–. m –. m
–. cm –. a34
–. C@s -.073
-. m -.077
–. 079 –. U33
-. on -.073
–. ml –. 074
–. a31 –. 076
–. W1 -.076
–. a39 -. m
-.101 -. w
–. m –. W
–. 073 –. @37
-.036 –. m
–. Ua6 –. w

-Q 076
-. m
–. aM
-. m
-.w
–. lw
-.077
–. 076
–. 073
-. on
–. 078
-. M
-. m
–. w
-. on
–. w
–. U32
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TABLE IV

THRUST COEFFICIENT

~T=~

CLARK Y WING. NACELLE 1 WITH VARIABLJ3-ANGLE RING SEW 5°

PROPELLER NO. 4412.j4 FEET. SET 1P AT 0.75R.

v

Nacelle wmdtion
~D

0.1 03 03 0.4 0J3 0.6 0.7 03 0.9

ANGLE OF AlTACK= –5°

1-------------------------------0.CW3 0.07W7 am aCkw3 0.0660 0.0433 :&o
2-------------------------------

: :;& am
.a319 .0780 .0724 .CbsK1 .06M .os7 —.Wz6

a... -.--. -__ . . . . . . . . . . . . .CC326 .02%3 .0T23 .ml .M49 .04M .W1O
4------------------------------- .C823 .07M .09tJJ .M48 .OKn

.0163 .m
.ml

:% J& .OsN .Olm .6296
.016U

6------------------------------- .mm .0789 .0139 –: E
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7

.Olm –. m24
— --------------------------- .0793 .0zz7 .W2 .C=537 .0417 .OzM .01s1 –. m

8------------------------------- .mm .0797 .0736 .w.56 .@5i6 .0u3 .m .0132 –. Wo
9------------------------------- .m .m .07m .W.2 .a5K1 .W36 .Wlo .0167 .mu

10------------------------------- .m .0702 .07%z .Cb!.s3 .0545 .m .m .Olw –. MI1O
il------------------------------ .W32 .0786 .07z5 .(M4U .0647 .Olm –. Wz2
11---------------------------- .a328 .0724 .0i?23 .@346 .CE47 :E :M .Olea .m19
13------------------------------ S&& .0783 .OTal .0s3 A& . Cu21 .aml . Olm
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–. m
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16------------------------------- .Usls .0774 .0714 .m .W .W .ml .0160
16------------------------------- .mK1 S@& .072a

–: E
. W7 .0645 .0423 :% .Ol!Kl –. m

17------------------------------- .m .0730 .M49 .W .0430 .0140 –. ml

ANGLE OF Al”PAOK=~
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3------------------------------- .CEsl .07s3 .0724 .wm .a560 .0+7 J@&
4------------------------------ .Uz27
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13------------------------------- .@
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.0767

.0162 –: n
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.Cbs40 .0640 .0!26 :~
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. 07fJl .CbsEs .M46 .0+56 . Olm
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ANGLE OF ATTACK=@
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17------------------------------- .a346 .07m .0736 .M.lm .M41 .CEJIJ .0160 .m

ANGLE OFA’lYTAOK-l&

1------------------------------- O.@xl 0.0763 0.0716 am 0.0s23
2. . . . . . . ----------------- .m

0.0416 am
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.0179 .CUIm
.OEs .0316 .Olsi .m
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TABLE V

POWER COEFFICIENT

cp=& ‘

CLARK Y WING. NACELLE 1 WITH VARZABLE-ANGLE RING SET ti”

PROPELLER NO. U 4 EEET. SET 1P AT 0.75+

v
n

Namlla PMMOn

al a2 0.3 0.4 I asI a6 a7 as a9

.
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ANGLE OF AIYPAOK-@
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4_________________
6--–-------–--–-–.
6------------------------
7--–––.-.------.--––----–-
8-----------------------------
9------------------------

lo-------------------------
11-------------------------
12------------------------------
u--------------------------
14------------------------------
lo-----------------------
16--------------------------
lo------------------------

. M13

.04%

.0418

:%

ANGLE OF ATPAOK=5”

a om a mu
.Olm AW&
. 017s
.Olw ;%
.0144
.0166 Jx14&
.0143
.Ola .m
; :~lE .m

.M17’o
.0192 .m
.0178 .m
.0173 .m
; ~;l .W70

.0123 --::.

.01$3

l-------------------------. ao4a3
.Mm

:%
.m
.6S$Q
.63s
. ml
.W

:$%
. ml
.Csul
.IMo7
.03s4
.03m
.m

a a3m clmz&
.0372
.a306 .0324

.m.6
:= aim
.03a .0313
.03m .a324
.03@l . am
.m .0331
.- .IE26
.IHa3 .CQ27
.0354 .0321
.a3.59 .0317
.0370 .0z23
.oam :=

:% .@

U6Z37
.02M
.0201
.6235
.6-243
.02m
.0241

:$%’
:8%
.0-266
.02tK1
.0270
. ml

:%%

O.(U2S ao422
.0431 . C421

.0413:l& .0415
.0417 .04a9
. W19
.Oxa-J :1%
.0410 .0410
.W .6411

. 64H
:% .04m
.0426 . Mll
. M13 .0i07
.C430 X&
.042%
.In13 .04m
.Oim .04c9

L-----------------------------

3--------------------------
4------------------
5----------------------------
6---------------------------
7-------------------------------
8--------------------------
9---------------------------

lo--_ -–._. -.–_-_____–
u-----------------------------
u---------------------------
B-----------------------------
14------------------------------
M---------------------------
lo-----------------------------
lo--------------------------

ANGLE OF A!M’AOK=lIY

cI-------------------------- 0.0431
2---------------------------- .04w
s------------------------- X-&
L---------------------------
5--------------------------- .04m
6---------------------------- .~
7---------------------------- .6U9
8---------------------------- .IM22
9------------------ .0423

10----------------------- .0426
11---------------------------- .0434
lo--------------------------- X&
lo-----------------------------
lo----------------------------- .04f9
lo------------------------- .04zl
lo----------------------- .C423
17----. -------––.-– .64s0

ac423
.0423

:E
.m
.0418
.0414
.04m
.IM24
.042s
.0434
. C421

%
.M!z
.0417
.04xl

ao.ia
.04L9

:E
.S4m

:%
.0411
.0117
. Wls
.0123
.0416
. Quo
.6424
.0413
.IMm
.6421

cLo4m
.0401

:E
.a357

:%%
.6594
.0401
.04m
.0464
.04al
.Is3%s
.0410
.C4cm
.akm
.6463

0.0371
.a3m
. mm
.am
.Ca64
.Cwa
.Cm3
. mm
.CL373
.am

%J
.W7

:E
.0376

amm
.a?a)

:%
. IS31O
. 031s
.mo7
. Csls
.oz30
.CB2a
.@
.0327
.0322

:E
.62%’
.E34

ao269
.I1271
.@270
.6770
.0245
.6%2
.0240
.62M
.0234
.6273
.ozto
.0271

%&

.-

.Oz&I

a 0137
.Olm
. olM
. OM3
.0147
.Olm
.0142
. OIE.S
.0m2
.010)
. ml
. 01.s9
.01s6
.0196
.Olxl
. Olm
.6%4

am
.W70
.Cm7a
. ml
.mm
.m41
.m24
.C034
.W
.am
.CQm
.m
. W71

:%
. . .. -----

.0104
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W12?GS AND NACELLES WITH PUSHER PROPELLER

TABLE VI

PROPULSIVE EFFICIENCY

~.-

CLARK Y WING. NACELLE 1 WITH VARIABLE-ANGLE RING SET 5°

PROPELLER hrO.44U 4 FEET. SET Ir AT 0.;5R.

-%
Nacalle pcdtion

O.1 oa 0.3 0.4 as 0.6 0.7 03 0.9

KNGLE OF ATTACK= –P

l-------------------- a 193 0.a73 am a ~z
2------------------------------- .l!m

a 74s am am 0.732
.a72 X&2

3------------------------------- .M9
.760

.?51
.937 .mo

.655
.Sm --:.;-

.742 .801 .810
4------------------------------- .lEa .3s9 .Swl ..s4 .741

.m

5------------------------------- .194 .307
.m4

.b~
.7W

.WJ3
.m

.702
6------------------------------- .l!m .3s)

.801
.640

.816
.6s7

.701 . ..-!’?-.
. 7@l

7------------------------------- .197 .378
.813

.6?3
.Em

.Ws
.ns . ---------

.746 .m2 .7s8
8------------------------------- .le4 .376 .E33 .6!KI .7m

. ml . . . . . . . . . .
.m

9------------------------------- .194
.Sw

.372 .5s5 .IM7
.690 --..:iz..

.760 .816 .810 .742
10------------------------------- .195 .377 .530 .ea .757 .W
11------------------------------- .lm .371

.674 ----------
.K% .6s9 .754 .= %

n------------------------------- .197 .373 .542 .673
.075 ---------

.704
u------------------------------- .201 .2?2

.812
.Ea7 .&a

..816 .7%4
.754 .816 .m

14------------------------------- .l!m .878 .6?5 .6%5 .761
.723 .. . ..–!-

.Sm .s5 .727
16------------------------------- .104 .m .624 . em .742 .767 .811
16-------.:--------------------- . all .MJ4 .546 .676

.7%? ..-!!!–
.772 .Sm .m

17------------------------------- .191 .370 .5s3 .665
.645 --------

. 7s3 .s2?7 .Ex2 .657 -– . . -----

ANGLE OFATTAOK=W

1------------------------------- a lm a372 a523 asm a 753 a .WI a ml
2--------------------- .rzs .374 .m .&a

a 7b9 am

3----------------------------- J& .3%3
.812 :%

.522 .645 :E .m
4-- . . ---------------------------

:E -.:!!’l.
.3&9 .511 .W .742 .7EZ3

6------------------------------
.7%3 .720

.193 .376 .5M .m .746
6------------------------------- .lw .376

.m
.630

.Sx4
.669

.6s4 ._-:? ?-
.769

7---------------------------- .!m
.818 .813

.W .534 .6R
. no ---------

.743
8------------------------------ . 1s3

.731 .7Q5
.380 AT& .694

.650 ---------
.761

9---------------------------- .l!x .371
.m :% .695 ----------

.W .751 .769 ..?$9
10--. . . . . . ---------------------- .lQJ .m .655 .758
11------------------------------- .ma

.810 .7223
% .5!26 .W

:%
.769 A& :% :%

12------------------------------ .lw .377 .W .661 .761
n------------------------------- .!M2 .3s4

.m -–::..
.7% ; :~:

:%
.E31

AL------------------------------ .202 .380
.2%9 --–-.–-

: F2 .761
M------------------------------ .167 .375 A&

.827 .724
.649 .743

16-------------------------------
.m Jo&

. ml
.nl J!-

.383 .me .771 .un
17---------------------------- .m .UJ1

.550 .-.–--.=
.542 .6M .703 .Sw .760 .W+ --------

~“GLE OF AT”TAOK-6°

1------------------------------ O.lw a am
2------------------------------

.O.518 am a7a3
. Ml

a i76 a764 azs am
.365 .&m .&s .7%9

3------------------------------- ;l& .353 .510 .623
.ml .m3 .m

L- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. n9

.370
.750

.525
.754

.647
:% --:;-.

.739 .m4 .784
6----------------------- .194 .397 .516 .634 .73s .791
6------------------------------ . 1$s

.781
.m .m .654 .742 .m .74$

.6M ---------

7----------------------------- .Zxl
.621 ---------

.379 .534 .664
8------------------------------- .m

.752 .m
.373 .6?4

.734
.653

.621 ----------
.757

9------------------------------- . ma .m .524
.m

.@M1
.672 ----------

.733
10------------------------------- . Im .374 .&m

:%? .796
.W

.705 .146
.747

11------------------------------ .Im .m .521
.7KI .77% .7U3

.690 .766
.167

.m .m
n------------------------------ .l!m .373 .694 .670

.693 ----------
. 7m .&m .ml

B------------------------------ .M7 .377 .631 .&a .766
.7M ---------

. E31 .sl
14----------------------------- .lw .674 .5ZS

.735 --------
.049 .740 .m .812 .747

M------------------------ . 1U3 .355 .514 .629 .7X
.167

.759 .749 .676
16------------------------------ .m .353 .Mo .6M .761

.152
.737 .761

17------------------------------ .Ifr3 .%0 .546 .672
.526 ---------

.762 .m .801 .6s3 .a56

ANGLE OF ATTACK=lIY

1----------------------- am a365
2------------------------------- .lss

a 510 a624 aim o.7m am a7ce aao
.M5 ;% .612 :g . ml .723 .612

3------------------------------- .lM .347 .bm .733 .Tm
4----------------------------- J& .W

.m ––:–~..
.Jm9 .620 .7M .746 .739

5-------------------- .Jm5 .621
:2

.709 .m6 .m
6---------------------- lea

. :E –-–.-..
.610

7------------------------------
.fixl

.372
.727

.513
.714 .ml --––---

.&a
8-----------------------------

:% :% .706
:E .367 ; :~

.m ------
.629 .710 .745

9----------------------------- .lm
.595 ––-–G..

.TM .7M
:% :% .ml

.m4 .752
10------------------------------- .m . Slo .764 .751
11------------------------------- .ls9 .258 .m .m

.678 :Z&

n----------------------------- .370
.76a .7%3

. Sls :% .7X3
.712

%! :g .5!29
.m4

lo---------------------
.819

.643 .742 :% ;% .740
.764 .325

14----------------------------- .l!x
. 4m

.523 .042 .7W
u------------------------------- .M4 .353 .m .611 .634 .ma .663
lo----------------------------- .194 .37U .521 .Mo .m

% –---!-
.7ea .764

17----------------------------- .lw .374 .M3
.6(O –----–_

.662 .769 .Sm .812 .m .’545
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TABLE VII

LIFT COEFFICIENT WITH PROPELLER OPERATING

CLARK Y WING. NACELLE 1WITH VARIABL&ANGLE RING SET 5°

PROPELLER NO.4UZ~FEET. SET 1PAT 0.76R.

s v
m

NamIleIKSMOn Nasdh &tiOll

0.4 0.5 0.6 0.7 6.8 0.9 0.4 0.5 0.6 0.7 O.E
I

0.9

ANGLE OF ATTACK= –5°

I

1---------- ~rJ& -am –o. m -: ~ -0.024 -o. 02s

I

do--_ . .._.-. .O.w 0.049 C& 0:~ 0:~ 0.640
2-------- –. m –. o19 –. o12 n-_---.–. –.W17 –. m7

–:%%
,030

3--------- .018 .010 –. m
L---------

r2-_._..._- –.023 -. m
–; ~

. Ou
–: E

.au .0i73
–. 0).5 –. w –. 015 –-ols

5---------
3a------- –. O&.2 –. 027 .m .019 :%

.W2 .027 .042 .ml –. m 14-------- –.m .013 .018 :%
tl-_ . . ..-...- .02,? .63) .019 .033 .m 15--------- –. 62s
7-----------

–. 017 –. 013
:Z .m

.-: ~ –. 013
.Ccis

-: %!
. Ols .010 .ml

8------------
16--------

.031
.c-47 .013

.620 .026 .015 .010 .010 lo--------- –:!% -: E –. 013 –. ml .W : Wo
9------------ -.648 .m .m .m .031 .m

ANGLE OF ATTACK=W

l_________ U335 0.315 am am afmz a262

I

lo-------- 0.344 a349 (LZ 0.351 a 351 a 351
2--.:-------- .m .3XI .296 .2s9 11--------- .m .314

:%
.316 .310

3------------ .230 .315 .ml .m := lo-_. ._._._ ,W :% .321 .wl .323 .320
4---------- ~~ .W .272 .2e3 .Za 13_______ .!235
5-----------

.m
:%

.319 .m
.292 .321

.319
.312 .m 14------- .30J .313 :E .m .319 .318

6-_ . . . ..-.-. .3KI .= .223 .316 .310 .m lo--------- .2a4 .m .2s1 .276 .270
7---------- .33s .317 .312 %

:E .M2 .327
.310 .m 16_______

8-----------
.286 .340 .320 .310 .3m

.310 .3s3 .m 17-------- .Z3 .279 .m .295 .2$9 .201
9--. _._.. ___ .292 .320 -m .33-J .331 .231

ANGLE OF A’M!AOK=5”

L---------- a34 a 613 am a6s3 :24 0.M9 io_______ a 6s1 a670 CLK aem o.6s1 0.049
2------------ .(G3 .613 .604 . ml .Iml n-------- .591 .m .619 .619 .614
3---------- .&m ..S?JI :g .m .m .569 12________ .640 .640 .640 .640
4----------- .Om .m .&m .m .s?$ 13-------- .615 :&% .025 :E .02J1
5----------- :% .W . 61s .Im7 .614 .6U 14---------- .m 1%
6------------

.625 .623 .m .IEfJ
.om .m .612 .eal 15________ .Im4 .S!w .672

:%!
,564

7------------- .0i2 .641 .Ea2 .612 .610 16_______ :%? .652 .620 :% .616 .610
8----------- .m

I
.641.m .610 .665 .6CS

9-------------
17--------- .597 .e@ . em .m .605 .M9

.047 .040 -m -m .037 .640

ANGLE OF ATTACK-IO”

1------------- a9s3 6.= a 91s awe 0.s$9 aitw 10--------- LOIS aw2 a 976 aa a959 ~ g7
2._--- .-– .943 .924 .911 .W2 .s95 n________ .916 .912
3---------- i%

.915 .m
.!352

.92a
.915 .s36 .S74 .m 12------- .949 .945 . Ml .939 .!237 ,E34

L-.-. _....- .W1 .917 ;% .s33 .6%5 .879 13-------- .923 .921 .920 .918 .917 .916
5------------ LIX12 .914 .m 14________ .944

. :E :% .m
.933

6--------------
.E33 .mo ,624

L 010
,w.o

.Szl ~~ 15-------- ;% .623 ..5%3 .m .@37 ,601
7--------- LW3 .W1 .037 .910 .m 16________ .95.s .ml .9ZI .912 .010
8----------- L@33 .947 .919 .W5 .W 17__-–_.-. .932 .m .KE

:E
.$03 .SQ7 .909

9------------- .054 .Q51 .949 .M5 .943



WINGS AND NACELLES WITH PUSHER PROPELLER

TABLE VIII

MOMENT COEFFICIENT WITH PROPELLER OPERATING

c MP
mP”&

CLARK Y WING. NACELLE 1 WITH VARIABLEANGLE RING SET 5°

PROPELLER NO. Ml% 4 FEET. SET 1P AT 0.76R.

6
v

!JamlIe@tIon
a

Nacalle &thn

0.4 0.6 0.6 0.7 0.8 0.9 0.4 0.6 0.6 0.7 6,8 L9

AK’GLE OF Al”l’AOK= –5”

3-- .. . . . . . . . . -o. WI
Z__ . . . . . . . –. CQl
3. . . . . . . . . . . . –. ’22J
4... ..__-_.. –. m
6—. -. . ..- . . –. m
6...._... ___ –. 296
7... . . . . . . . . . . -.332
8.. —..- . . . –: g
9..-_ . . . . . . . .

-_:~; :g
–. 166 –. 32$
-. m –. m
–. 164 –. 143
–. 162 –. 142
–. zal –. 162
-.216 –. 164
–. w –. m

-o.m
–. m
–. 320
–. m
–. 116
–. 1X3
–. 115
–. 116
–. 074

-aCt37
–. 090
–. Kr3
–. 0Q5
–. 069
–. 092
–. m
–. m
–. a12

–a @a
–. 096
–. 101
–. m
–. m
–. 076
–. 072
–. 070
–. W

m_______
ll________
l!l--------
13--------
14________
15_______
16_________
17--------

–0. am
.044
.C@4
.0a4
.112

–. Ow
–. 370

.107

-_: g -a 074
–. 6i7

.m –. m

.021 –. CeJl
–. o16

–: E –. m
–: Z& –. 164

–. ml

–a m
–. am
–. 078
–. m

-m cm
–. lca
–. 637

-_aI?&

–. m
–. 035
–. ml
–. 6s5
–. 116
–. w

–. lm
–. m
–. m
–. 076
–. lm

–. KM
–. a35
–. m
–. C.w

I

&XGI,E OF A’TTAOK=W

-0.075
–. all
–. 637
–. 067
–. w
–. m
–. llo
–. m

-o. m
~.

–. cm
–. Qas
–. 079
–. w
–. 101

-a m
–. 077
–. 074
–. m
–. 077
–. 070
–. a34
–. a35

L____ . . . . . -0.096
2_.__ . . . . . . . –. Ouu
3... . . . . . . . . . –. m
4- ... . . . . . . . –. m
6_... -.... _.. –. 270
6. .. . . . . .- –. 293
7—- . . . . . . . . –. 372
8—-–- . . . . -.353
9_________ –. 010

-o. 0s1
–. m
–. 103
–. @Jo
–. 6s5
–. COO
–. on
-.6$3
–. 678

–a 631
–. m
–. m
–. 635
–. 075
–. m
–. 072
–. @37
–. ml

la______
n–______
12________
13_______
lo____ . . . . . . . .
16_________
16_______
17______

–0. 017
.C123
.034
.133

–: E
–. 38.6

.324

-a 042 –o. cm
.Cm –. m4
.Wt3 –. ml
.Ou –. 019
.049 –. 010

–. U34 –. a31
–. lwl –. 144

.CQ7 –. m

-0.0s7
-. w
–. 16s
–. 147
–. 176
–. 361
-. m

–a 034
–. 035
–. m

-a m
–. 0s3
–. U9
–. 101
–. lCQ
–. 107
–. 113
–. 112
–. 071

–. 119
–. m
–. 133
–. 14s
–. 147
–. W

-. ml
–. 039

ANGLE OF ATTAOK-6”

3--------
!2__._.._-.
3-.-.-.---.---
4_________
6—-- . . . ..-.

. . . . . . . . .k-—.....-
8—. ----- . .
9. . . . . . . . . . .

-am
–. Qao
–. 226
–. 173
–. 276
–. m
–. 337
–. 32.6

.016

-0.0s9
–. C96
–. 163
-.140
–. m
–. 161
–. m
–. 221
–. w

-a (T36
–. 039
–. Ml
–. 117
–. 123
–. 336
–. lW
–. Ml
–. 632

–a CM
–. am
–. 110
–. lm
–. 107
–. 107
–. 114
–. 113
–. m

–o.E3
–. am
–. 693
–. 637
–. Oal
-. a39
–. 057
–. m
–. m

–o.m
–. ma
–. Oal
–. 076
–. 032
–, 0i7
–. w
–. Q37
–. m

lo________ ! -aolJ. . –o.OK+ -a a31
.MM –. m
.Om –. m
. 0!4 –. o16

–. 013
–: K –. U12
–. K@ –. 139

.M4 –. 018

% 073
–. CM
–. 032
–. m
–. Ct33
–. Ct30
–. 163
–. &m

-a 079
–. CPAll________

3z------- ::
IL-------- .1

;g----:---:::: –:;
16_____ –. 3--

. .. .
–. am
–. 076
–. on
–. m
–. w
–. Cso –. Ua7

ANGLE OF ATTAOK=ICF

-am
–. w
–. w
–. m
–. 072
–. 075
–. m
–. w
–. 076

la._____–
lL______
12-–__ . . . . .
13_– _____
14______–
lo_________
16_______
17_________1

—....------0. mk.—----- –.VJ5
... . . . . . . . . . -. mZ___. .... –.1s9

L—-.. ____ –.2b9
6— .. . . . . .._- –.267
7_._ -.- . . . –.315
8. . . . . . . . . –. 347
9— -. -. . . . . . .W

~-g
–. 169
–. 142
–. 176
–. 3s6
–. m
–. 2X
–. am

-am
–. 091
–. E3
-.117
–. m
–. 339
–. 146
–. m
–. m

-_ag3’J

–. 107
–. lm
–. 105
–. 111
–. 103
–. 116
–..~

–o.075
–. a37
–. Oa4
–. W3
–. CM
–. m
–. m
–. CM
–. 073

-o. Ols
.689
.0%
. lea
.142

–. m
–. 316

.161

-o. CM3

:E
.0.53

–: 8’%–.m
.037

-am
–. m
–. 034
–. UM
–. 010
–. m
–. 140
–. 016

–_aO&

–. 059
–. 6M
–. Cal
–. ml
–. lm
–. o19

-_: %4

–. 07.5
–. 071
–. ma
–. 079
–. 074
–. W

+ 076
–. m
–. a34
–. m
–. m
–. 075
–. a35
–. m
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TABLE IX

COEFFICIENTS WITHOUT PROPELLER

THICK WING

LIFT COEFFICIENT WITHOUT PROPELLER. CL=*

NAOELLE NO. 1, VARIABLE-ANGLE RING SET 6°
I

ELEOTRIO MOTOR ONLY FAIRED RJTO WTNG

L--------------------- ag aaa
2-------------

0.e-sl am fLl&J 0.421 am am
.420

a m
.05s .s?5

:&o :% awn 0.070
——.. .411 .64s .Eao .M4 .&w ,W

WIN(3 ALONE

o. la a417 am asm I a17K I U414 am 0.%-7 I o.lW u409 0.040 asw asao

DR.AG COEFFICIENT WITHOUT PROPELLEIL CDE
%%

so XILp.h.
R.N..2J&3,m

76nLp.h. lm m.P.h.
EN.=s@3JN3 Ft.N.-4#ll,MO

Angle Ofatkmk_____ –’P
I

r P Iw –P P v MY –v r
I

6° I IF IF
NACELLE NO. 1. VARIABLE-ANGLE RNG BET P

ELEOTRIO MOTOR ONLY FAHiED INTO WING

~wl’=l’’’I’’’I’% l’;’o’;’“EI‘%I‘%I0::8I“;&$
WING ALONE

0.Olfa 0.042s O.am a M40 0.0176 ao41s aasm o.MU o.ol&5 aw am a M40 0.1740

TABLE X

. moment
MOMENT COEFFICIENT WITHOUT PROPELLER. C.-F

THICK WING

An@ of attaok
Namlla pmition

–P CP
I

FP lW l%

I NAOELLE 1, VARIABLEANGLE RING SET P

2--------------------- -am –CLm -aa -a 033 –a 071
7------------- –. 072 –. w -.076 –. 07s

13-_. _--. ---–_– –. 073 –. 076 –. 077 –. m –. m

ELEOTEIO MOTOE ONLY F-D IIJTO WING

--l1---------------- -o. m.5

I
–o. m I -o. 07s

I
-a W

2-–—__–— ---- I -o. on
–. m –. m –. 0?7 –. C@3 –. w



WINGS AND NACELLES WITH PUSEtOR

TABLE XI

THRUST COEFFICIENT

PROPELLER

~== (T–AD)
pnlD~

THICK WING

PROPELLER NO. 44Q 4 FEET. SET 1P AT 0.75R

v
Nacdh @tiOll

m

0.1 0.2 f18 a4 a5 0.6 a7 as 0.9

ANGLE OF A’T’PAOK- –P

N8mUe 1, mrinble+,mglering rat&

2. . .._. __ . . . . ..__. _.... -.. aa924 o.07s3 O.oiz O.w
7------------------------------ .@s6 .0767

a&7 0.M!22
.0724 .W

0.0901 0.0172 O.a)zi

u------------------------------- .Cr34.5 .@& .0742 .W2
. 6m2 .0z3 .Ol!m –. W

.03s1 .042a .m .0152 –. Wlo

Eleohio motor OJdyfaked into wing

1-------------------------------- O.w a U&
2-------------------------------- .W37

o.07fa aoo77 aams lllM4s a 03L6 0.0172
.0742 .Ms7 .a550 .0u2 .m

a ml
. 01s4 –. W15

ANGLE OF A!M?AOK=~

NamJle 1,mriabl.wmgle ring set &

2------------------------------- am (107!M 0.6729 aw O.w i).~ am
7-.. .- . . . . . . . . . . ---------------- .M42 .07s9 .0717

::& O.w

13------------------------------- .lxfa
.062s .0#09

. U310 .0749 :%% .6.EO .0446
. WI –. @129
. a326 .0178 .m

Elmidn motor only fdrd into wing

1-------------------------------- am 0. IE07 0.0742 O.cw?. o.osb9 0.13140 0. a3L5
2... -. . . . . _______________ .m .Es3 .0704

: :&o a Wlo
. C876 .0&89 .044a .ow –. W18

ANGLE OF AT”PAOK=5°

Nacallo 1,mrhbkgle ring .wt &

2. . . . . . . . . . . . .._ . . . . .._.-__. O.aml CL07S3 (10727 aw o.-
7------------------------------- .Cso .0i?2 .0703

a&6 am
. mo .Wa3

0.0163 am

lo... -- . . . ..-. -. . . .._ . . . ------- .a3M .@%2
.m . Olcm

.0763 .W . 0.5il
–. ~6

.0431 .0227 . Om . Oola

Ekotrlo motor only fnlrwi into whg

1-------------------------------- O.a?m 0.C#3 0.0741 O.w am a 0237 0.CB1O
2-------------------------------- .C@57 .W7 .0740 .Mt8 .a5s4 .O#o .o%a

o.010s am
.01ss . lxm

645
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646 BEPORT NATIONAL ADVISORY COMMPM?EE FOR AERONAUTICS

TAlkE XII

POWER COEFFICIENT

cP=&

THICK WING

PROPELLER NO. 44Q4 FEET. SET 1P AT 0.75R

NOdle pmit!on ii%

al 0.1 0.3 0.4 0.6 0.6 0.7 (L8 a9

ANGLE OF A’I?PAOK=-6”

Nacalle 1,mrhblemngle ring set P

2------------------------------- 0.0419 0.041s O.w ag km o.- a~ a :~g am
7------------------------------- .0423 ;% .Culo . a310 S& .Wo

13------------------------------- .0416 .0402 .rrm %& .aml . Olw .m

El@trio motor only CeIredInto wing

1-------------------------------- o.0f30 aw o.~ o.~ o’~ am :~ a Olm :%
2------------------------------- .M25 .0417 .0m3 .mw .W .- .0177

ANGLE OF A’P’PAOK=@

Necelle 1, verhble+uule ring mt 5°

2------------------------------- a 0421 a ~; 0.0410 aal!& a&o am 0.0273 0.Olm am
7------------------------------- -w .0410 .W1O .a244 . Olm .m

lo----------------------------- .04m .04m .0110 .ams .a35s .- .0272 . 01%0 .W

E1mtriomotor only W Into WbIg

1-------------------------------- c1W4 aolm a 0410 amm :Lu& a= am a 01s0 0.0337
2.. ---- . . . . ..------ . . . ..-------– .042s .0419 .0407 .m .m24 .m .0179 .aEa

ANGLE OF ATTACK-5°

Nemlle 1,mrlabhmngle ring sat 6“

~------------------------------- a~ ao424 a oi14 a owl a a372 a= ao273 a OIW 0.m
, . . . .-----.-.-.--.--------—-— .0410 .W . a240 .0142 . wU4

lo---------------------------- . au9 .04m :E .04w :E .mm .0m9 . ON-5 .m

EIW motor only W into wing

1---------------------------- ao424 ao423 a c-415 amw amio aam : ~4 a 0W7 awm
2---------------------------- . 0i17 .0412 .04u4 .0391 .WM .0326 .0178 .0337



WINGS AND NAC!DLL13S WI(ITEPUSHER PROPELLER

TABLE XIII

PROPULSIVE EFFICIENCY

(T–AD) V
7- P

THICK WING

PROPELLER NO. 44Q 4 FEET. SET 1P AT 0.76R

v

NnceUe@tton
ni

al 0.2 0.3 0.4 0.6 0.6 c17 as 0.9

ANGLE OF A’lYPAOK--@

Necolle 1, vorhblsmgle rhg set 5“

2------------------------------- a 197 a a78 am a.m
7. . . . . . . . . . . . . . . ---------------- .129 .376 .634 .665

13------------------------------- .mt .3s2 .&54 .@&2
a= a~w “a:::

E1mtriomotor only faked Into wing

l- . . . .. . . . . . . . . . . . . . . . . . . . . . . . . o.Ml I a331 0.5!2 am am 0.824 am 0.740
2. . . . . . . . .._ . . . . .._. -.-.. -_... .m .= .648 .075

& ZQ
.763 .821 .815 .090 ---- . . . . .

ANGLE OF ATI!AOK-IY

Nacelle 1, variabhangle ring w &

2------------------------------- a 107 a378 am 0.M6 am a.784 0.790 &734
7------------------------------- .201 .377 .m .m .7?8

13.. -.-.. -. . . . . . . . -------------- .X0 .2M .648 :%! :%
.072 -.:.;..

.819 .840 .7t4

Ekctiio motor only felred Into wing

1-.. - . . . . . . . . . ------------------- axn a384 a6i3 a 671 I a 767 am.s I 0.817am
2..-- . . . . . . . . ..--_ -.-. _.....- .207 .307 .W .m

a 136
.771 .8ZI .812 .6s4 -------.-

ANGLE OF ATPAOKGF

Nadle 1, varinbleangle ring@ 5“

2------------------------------- 0.194 am a623 aw a ~1 a 761 a 7s3 aEa7
7... - . . . . . . . . . ---------------- ;% .377 .626 .537

a 249
.704 .768 .W3 . ..-.=-,

lo . . . . ..- . . . . . . ..-----. ._.._ . . . .W “’% “~ “778 .841 .851 .779

~Ekctriomotor only fnked into wing

a ml a332 a636 a592
:::::::::::::::::; ::::::::::::::: .!am .392

a 747 aw a7w2 a670 aw
.649 .072 .767 .m .W4 .711 . la

647
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TABLE XIV

LIFT COEFFICIENT WITH PROPELLER OPERATING

THICK WING

PROPELLER NO. 4%1’.44 FEET. SET 1P AT 0.75 R

~
ANr3LE OF ATTACK=-P

Namlle 1, muiab-gle riUKSet@

.$~~’’’”” ~ a% ‘H ‘E ‘gag

Elechic.motor only faked into wing

1------------------ am a Im a 172 O.lsl am am
2---------------- .177 .177 .173 . la .166 .146

AX’fJLE OF ATTAr7K=@

Nacalla 1,mxiabl~gle ring s$t 5°

‘::{::::::: ~ a% ‘; ‘Z a%

Eldxio motor only fefrd fnto wing

l..–--__._._- c14!u 0.423 0.421 a 417
2____________

c1411 o.4a3
.417 .417 .416 .412 .407 .4cm

—

ANGLE OF A’M’ACK=&

NamIle 1, vexfabltie rinKmt S’

2._-__ . . . . . . . . . cL~ 0.044 am O.m$ CL623 a 019
7. .. . . . . . . . . . . . . . . .e&s .6s3 .646 .643

13._ . . . . --------- .6.53 . 6s1 .697 .662 .W :%!!

E1@r10 motor only Mred into wing

l------------- a6s6 :% CLZ CL= aem 0.642
2--------------- .5% .64s .642

COMAfI~E FOR AERONAUTICS

TABLE XV

MOMENT COEFFICIENT WITH
OPERATING

C.p =$$$

THICK WING

PROPELLER NO. 4412,4 FEET. SET 1P AT 0.76R

—
NaeeUepasltion

0.4 I : “t.+b0.5 I 0.6

ANGLE OF ATTAOK=–6”

I Nardle 1, variabkmgle ring aot 5°

2.___ .........-am -a 076 -0.076 -0.076 -0.074 -a 073
7----------------- –. m –. 136 –. 163 –. w -.076 -, w

13__–_______ .016 –. az4 –. 6!7 –. 032 -071 -.077
,_

Ekwtrlo motor only faked Into wing

I--------- -al16 -actm -awl -aaxf -aa33 -aau
2.--. . . . . . . . . . . . . . –.Qm –.QZ3 -.036 –.m -.m -.M

ANGLE OF ATTACK=W

I Nacelle1,tible-rmgle ring ?at6°

1-
lo----------- -ao7s -a073 -a 023 -a w -a 035 -a w-5
7----------------- –..I03 –. 134 –. 102 –. 033 –. 071 -. w

13---------- .014 –. 019 –. oil –. W -. w -,073

Ekutrlo motor only felred Into wing

L---------- -a MO -a cm -a a33 -a om -a 076 -a 074
2----------------- –. @35 –. C82 -. @l –. 07S -.076 -.074

Ah’GLE OF ATTACK =5’

I Nacelle 1, vdnbk+nglo rinRW 5°

2._.......--.._ -ao7s -a 075 -a 072 -a 035 -CLOM -am
7---------------- -.197 –. 1= –. 101 -. a34 -.074 -. m

l%------------- .023 –. m –. M -. 0s7 -.caol-. m
1 1 1 , ,

Elediio motor only W into wing

l------------ -a 037 –CLU31 -ao36 -acr32 -am -a 070
2------------ -. w –. Cr33 –.@4 -.0?0 -.076 -.073



WINGS AND NACELLES WITH PUSEER PROPELLER 649

TABLE XVI

DRAG, MAXIMUM PROPULSIVE EFFICIENCY, AND
NET EFFICIENCY

NACELLES TESTED ALONE

D~~ at

Nacdle Cowlhrg m.p.h.
proprdh
-d

1
POuuda

. . . . . . . . . . . . . . . . . Exm ayllndora-.-..__ Z&Z
Vtibkm@n ringmt @___ 211i5
Varlatdwngle ring sat r.._ la 7
Varlablfw@e iins ~t I@_ 19.8

a....-. -......- EXBWXIOylindera ---------- 26.6
Varkblme ring satIF-_ !2).3
Varkble+m@e ring set P_. 2113
%rfabbmgle rfng .mtlcP_- 34.1

MOdrdangine on E- @nderL-- . . . . . 29.0
electdo motor. Voriablear@e ring W ~... 2L 4

Varlnbla+mglering zat fP_.. 27.2
Variablrmngle ring eat I@..- 5L 7

E1eotrlo motor
only. . . . . . . . . . . ------------------------------ h?

Pr01mlk3r4412 4
reek P.OtI+at
0.75R

Mad

ii-g-.

u 816
.8M
.811
.817

.m

.814

.816

.W2

.340

.812

.J3X3

.Om

.322

Jetem.
[ency81
;-0.64

am
.&5.5
.68e
. ml

.471

.6M

:%

.462

.642

.&w

.W

.746

TABLE XVII

RELATIVE MERITS OF VARIOUS NACELLE
LOCATIONS

CLARK Y WING. NACELLE 1 WITH VARIABLE
ANGLE RING SET S0

PROPELLEE NO. 41~ 4 FEET. SET 17 AT 0.76R

High and muhlng speed
mndit[on Cllntdng mnditbn

v~—D-o65 a.r *lD-0.42a =P

Namlle @tlon
Cp= ~
dve em-
drmoy,

7
—

a ~z
k:::::::::::::
3.-.. -.... -.. .?m
4. . . . . . . . . . . . . . . .7’M
6._ . . . . . . . . .._ .824
i! . . . . . . . . . . . . . . . .m
7. . . . . . . . . . . . ..- .Ea3
8 . . . . . . . . . . . . . . . .86t
9.-.. . . . . . . . . . .79s

10. . . . . . . . . . . . . . . .iw
11-- . . . . . . . . . . . . . .814
12. . . . . . .._.. --- .823
lo . . . . . . . . . . . . . . .815
14. . . . . . . . ------- .823
lo . . . . . . . . . ..-._ .812
16. . . . . . . ..-.-... .ss
17. . . . . . . . . . . . . . . .7%4

Nardle
lra&elJ1.

t?%.

Q 177
.176
.254
. lKI
.243
.223
.264
.2.54
.160
. 1s3
.16$
.2W3
.204
.193
.mt
.2s$
.211

—l—
a635 a 676

.623 .674

.Sw .673

.em .12m

. b76 .6s4

.617 .7U3

.’?39 .m

.UMJ . ml

.W .670

.m .676

.646 ..977

.6m .m

.611 .673

.63J .672

.6U3 .Iw

. E47 .mt

.573 .637

Nacde
hg.

%$’3.

aoa
.C44
.m
.048

%$’
.0i2
.022
.041
.8M
.041
.O.w
.M2
.W
.047
.076
.052

Net af6
danw,

N.qh

LIL?&

.610

. m2

.624

. al

..no

..SM

.620

.625

.Lu6

.W

.6!i8

.619

.621

..W

.@d

TABLE XVILI

RELATIVE MERITS OF VARIOUS NACELLE

LOCATIONS

THItiK WING

PROPELLER NO. 4412j4 FEET. SET 1P AT 0.76R

mgh anln?r#l&g ?@ed CUrnbIngconditkm

;D-o.e.5 U=@ ;.M2 ..P

NACELLE 1 WITH VARIAELE-ANQLE RING SET V

I 2________ am O.ml a646 CL= CL(E9 am
7. . ..__. ._..- . 79s .E30 .m

- :% .646 ..2s6
.621

lo_________ .823 .IM9 .m I
ELEOTRIO MOTOR ONLY FAIRED INTO WIN(3

I l . . . . . . . . . . . . . . a841 aam 0.832 a 701 CLO16 Cl@Sh
2----------- .867 .Oa .Es9 .m .021 . ml I

o

c1. s. sOvERRurNT Pnlmlmc Ovvlrc, 19$3


